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^ (54) Title: POLY(TRIMETHYLENE-ETHYLENE ETHER) GLYCOLS 

o 

^ (57) Abstract: A poly(trimethylene-ethylene ether) glycol is disclosed. The composition is preferably used m breathable mem- 
^ branes, synthetic lubricants, hydraulic fluids, cutting oils, motor oils, surfactants, spin-finishes, water-borne coatings, laminates, 
O adhesives, packaging, films and foams, fibers and fabrics. The polyether glycol can be a block copolymer of polyethylene oxide and 
^ polytrimeihylene. Also disclosed are block copolymers comprising the polyether glycol as soft segment and alkylene ester or amide 
1^ as hard segment, as well as, polyuiethanes or polyurethane-ureas having the polyether glycol as a soft segment 
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TITLE 

POLY(TRIMETHYLENE-ETHYLENE ETHER) GLYCOLS 

FiFI n OF THE INVENTION 
This invention relates to polyether glycols, In particular, 
poly(trimethylene-ethylene ether) glycols and block copolymers thereof 
with alkylene esters or amides, as well as polyurethanes or polyurethane- 
ureas comprising a soft segment of the poly(trimethylene^thylene ether) 
glycol. 

PAri^rSROl IMP OF TH P INVENTION 
Polytrimethylene ether glycol (T03G") and its use have been 
described in a number of patents and patent applications. P03G can be 
prepared by dehydration of 1 ,3-propanediol or by ring opening 
polymerization of oxetane. P03G can be prepared from 1 ,3-propanediol, 
15 preferably as described in U.S. Published Patent Application Nos. 

2002/7043 A1 and 2002/1 0374 A1. both of which are incorporated herein 
by reference. 

U.S. Published Patent Application No. 2002/7043 A1 teaches that 
the reaction mixture can comprise up to 50 mole %. preferably 1 to 
20 20 mole %. based on all diols present, of a comonomer diol other than 
oligomers of 1 ,3-propanediol. Listed are 2HT»ethyl-1 .3-propanediol. 
2.2-dimethyl-1.3-propanediol, 2,2-diethyl-1 ,3-propanediol, 1.6-hexanediol. 
i',8-octanediol. 1.10-decanedlol. 1.12-dodecanediol and mixtures thereof. 
More preferred as comonomers are 2-methyl-1 .3-propanediol, 
25 2.2-dimethyl-1 .3-propanediol, and 2.2-diethyl-1 .3-propanediol. 

Similarly, U.S. Published Patent Application No. 2002/10374 A1 
teaches that the reaction mixture can comprise up to 50 mole %. 
preferably 1 to 20 mole %. based on all diols present, of a comonomer did 
other than oligomers of 1 .3-propanediol. Usted are aliphatic diols. for 
30 example 1.64iexanediol. 1.7-heptanediol. 1.8-octanediol, 1 .9-nonanediol. 
1.10-decanediol, 1,12-dodecanedlol, 3,3,4,4.5,5-hexafluro-1.5- 
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pentanediol, 2,2,3,3,4,4,5,5-octafluoro-1 ,6-hexanediol, 
3,3,4,4,5,5.6,6,7.7,8.8,9,9.10,10-hexadecanuoro-1,12-dodecanediol, 

cycloaliphaticdiols, for example 1,4-cydohexanediol, 
1,4-cyclohexanedimethanoI and isosortjide, polyhydroxy compounds, for 

5 example glycerol, trimethylolpropane, and pentaerythritol. A preferred 
group of comonomer dtol is selected from the group consisting of 
2-methyl-1 ,3-propanediol, 2.2-dimethyl-1 ,3-propanediol, 2,2-diethyl-1 .3- 
propanediol, 2-ethyl-2-(hydroxymethyl)-1 ,3-propanediol, 1 ,6-hexanediol, 
1,8-octanediol. 1,10-decanediol, isosorbide, and mixtures thereof. 

1 0 Polyether ester elastomer comprising pdytrimethylene ether ester 

soft segment and tetramethylene and trimethylene ester hard segments 
are described In U.S. Patent No. US 6,562.467 B1 and U.S. Published 
Patent Application No. 2003/1 20026 A1 . both of which are incorporated 
herein by reference. Polytrimethylene ether ester amides are described in 

15 U.S. Patent No. 6,590,066 B1 , which is incorporated herein by reference. 
Polyurethanes and polyurethane ureas are described in U.S. Patent 
Application No. 10/216.575, filed August 9, 2002 (Attorney Docket No. CH- 
2833), which Is Incorporated herein by reference. 

Polytrimethylene ether glycol is preferably prepared by 

20 polycondensaOon of 1 ,3-propanediol. preferably using an add catalyst as 
described in U.S. Published Patent Application Nos. 2002/7043 A1 and 
2002/1 0374 A1 . Polyethylene glycol, on the other hand, is m^de from the 
ring-opening polymerization of ethylene oxide, and can not be polymerized 
from ethylene glycol by add catalyzed polycondensaKon due to the 

25 cyclization of its dimer into dic»(ane. 

.<^l IMMARY OF THg INVENTION 

The invention is directed to poly(trimethylene-ethylene ether) glycol, 
its manufacture and use. The poly(lrimethylene-ethylene ether) glycol 
30 preferably has a molecular weight of 250 to about 10.000. more preferably 
of at least about 1,000 to about 5.000. According to one aspect, a 
composition comprises poly(trimethylene-ethylene ether) glycol and 
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additive. Preferably, the additive comprises at least one each of at least 
one of delustrant. colorant, stabilizer, filler, flame retardant. pigment, 
antimicrobial agent, antistatic agent, optical brightener. extender, 
processing aid, viscosity booster and mixtures therarf. 
5 The poly(trimethylene-ethylene ether) glycol is preferably prepared 

by polycondensaOon of 1 ,3-propanediol reactant and ethylene glycol 
reactant Preferably, the 1 ,3i3ropanediol reactant Is selected from the 
group consisting of 1 .3-propanedioi, and oligomers of 1 ,3-propanedlol 
having a degree of polymerization of 2 to 3, and mixtures thereof. 
10 Preferably, the ethylene glycol reactant is selected from the group 

consisting of ethylene glycol, and oligomers of ethylene glycol having a 
degree of polymerization of 3 to 4. and mixtures thereof. More preferably, 
the poly(trimethylene-ethylene ether) glycol Is prepared by the 
polycondensation of 1.3i5ropanedlol and ethj^ene glycol. 
15 Preferably the polycondensation Is carried out with an acid 

polycondensation catalyst. Preferably, the polycondensation catalyst Is 
homogeneous, preferably sulfuric acid. 

In accordance with one aspect, tiie poly(trimethylene-ethylene 
ether) glycol is prepared by a process comprising tiie steps of. 
20 (a) providing (1 ) 1 .3Hpropanediol reactant. (2) ethylene glycol 

reactant and (3) and add polycondensation catalyst; and 
(b) polycondensing the 1 .SiMOpanediol and eUiylene glycol 
readants in the presence of the add polycondensation catalyst to 
fomn poly(trimetiiylene-ethylene etiier) glycol. 
25 In accordance wtth anottier asped, the poly(trimettiylene-ettiylene 

ether) glycol is prepared by a continuous process comprising: 

(a) continuously providing (i) 1 ,3-propanedld readant. (il) 
ettiylene glycd readant and (iii) add polycondensation catalyst; 
and 
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(b) continuously polycondensing the 1 ,3-propanedlol and 
ethylene glycol reactants In the presence of ttie add 
polycondensation catalyst to form poly(trimethylene-ethylene ether) 
glycd. 

5 In accordance with another aspect, the poly(trimethylene-ethylene 

ether) glycol is prepared by a semi-continuous process comprising the 
steps of: 

(a) batch polycondensing 1 ,3-propanediol reaclant In the 
presence of add polycondensation catalyst; and 
10 (b) adding ethylene glycol reactant to the batch polycondensing 

over time. 

According to one embodiment, the poly(trimethylene-ethylene 
ether) glycol is a block copolymer of polyethylene oxide and 
polytrimethylene oxide. Preferably, the molecular weight of the block 
15 copolymer is at least about 1000, preferably up to about 20,000. 

In accordance with another embodiment, the poly(trimelhylene- 
ethylene ether) glycol is used in at least one of breathable membranes, 
synthetic lubricants, hydraulic fluids, cutting oils, motor oils, surfactants, 
spirvfinlshes. water4>ome coatings, laminates, adheslves, packaging, films 
20 and foams, fibers and febrics. Preferably the poly(trimethylene-ethylene 
ether) glycol Is used as a base polymer In synthetic lubricants and spin 
finish fomiulations and In water-bonie coatings. 

According to another aspect of the present invention, the 
poly(trimethylene-ethylene ether) glycol is used as a sort segment to make 

25 block copolymers. 

In one embodiment, the block copolymers comprise block 
poly(trimethylene«thylene ether) ester as a soft segment vwth a polymeric 
hard segment The preferred polymeric hard segment is selected finom 

estere and amktes. 
30 The polyether esters are preferably thermoplastic elastomer, 

preferably comprising C2 to C12 alkylene ester as the hard segment. 
These polyether estere preferably comprise about 90 to about 10 weight % 
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poly(trimothylene-8thylene ether) glycol soft segment and about 10 to 
about 90 weight % all^ene ester hard segment, based on the total 
amount of hard and soft segments. Also preferably, the mole ratio of hard 
segment to soft segment is at least about 2.0, more prefierably. about 2.0 

5 to about 4.5. 

The pdyether esters can be prepared by providing and reacting 

(a) poly(trimethylene-ethylene ether) glycol. 

(b) at {east one diol. and 

(c) at least one of dicarboxylic add, ester, add chloride and add 
10 anhydride. 

The polyether esters can also be prepared by providing and reacBng: 

(a) poly(trimethylene-ethylene ether) glycol, and 

(b) at least one polyester. 

Anottier aspect In accotlance with the present invention relates to 

15 fiber prepared firom a poly(trimethylene-ethylene ether) glycol soft segment 
and all<ylene ester hard segment. A further aspect relates to fabric made 
from the fiber. A still further aspect relates to films and membranes made 
from the block cof>olym^. 

The poly(trimethylene-ethylene ether) amide is also preferably a 

20 thennoplastic elastomer. Preferably ft comprises polyamide hard 

segments joined by ester linkages to poly(trimethylene-ethylene ether) soft 
segments. Preferably, the polyamide hard segment Is the reaction product 
of carboxyl terminated polyamide or diadd anhydride, diadd chloride or 
diester add eqidvaient thereof. 

25 In a further asped, a polyurethane or poiyurethane urea 

(thermoplastto elastomer) comprises poly(trimethylene-ethylene ether) as 
a soft segment Preferably, the hard segment comprises polyurethane or 
polyurethane urea. The polyurethane/|x>lyurethane urea preferably 
comprises less than 90 weight %. more preferetfjly less than about 70 

30 weight %, or less than about 50 weight % soft segment Additional details 
regarding the polyurelhane/poiyurethane urea hard segment are described 
In pending U.S. appHcalion No. 10/215.675, filed August 9. 2002 (Attorney 
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Docket No. CH-2833). which is incorporated herein by reference in its 
entirety. 

pcj^H pn r^FSCRIPTI ^^N r»F TH^ INVENTION 
5 Unless othenvise stated, aii percentages, parts, ratios, etc., are by 

weight 

Further, when an amount, concentration, or other value or 
parameter is given as either a range, preferred range or a list of upper 
preferable values and lower preferable values, this is to be understood as 
10 specificaily disclosing all ranges fbmwd from any pair of any upper range 
limit or preferred value and any lower range limit or prefen-ed value, 
regardless of whether ranges are separately disclosed. 

The invention Is directed to poly(trimethylene-ethylene ether) 
glycols, -me poly(trimethylene-ethylene ether) glycol has a number 
1 5 average molecular weight (Mn) of at least 250. preferably at least about 
500 more preferably at least about 1 .000. even more preferably at least 
about1.500andmostpiBferablyabout2.000. The Mn is preferably up to 
about 10.000. more preferably up to about 5.000. even more preferably up 
to about 4.000. yet even more preferably up to about 3.000. and more 
20 preferably up to about 2,500. Reference herein to molecular weight, 
unless othenMse Incficated Is to Mn. 

The poly(trimelhylene-ethylene ether) glycol is preferably prepared 
from 1 ,^panedlol reactant and ethylene glycol reaclanL tt Is preferably 
prepared by polycondensaUon of 1 .ai)ropanediol reactant and ethylene 
25 glycol reactant. more prBferably by the polyoondensatlon of 1.3- 
propanediol and ethylene glycol. 

By -1 ,3-propanediol reactant" is meant 1.3-propanediol, its dimere. 
and trimere. and mixtures thereof, in addition, "polytrimethylene ether 
glycor and "poly(trimelhylene-ethylene ether) glycol" are used to refer to 
30 polymers having a Mn of 250 or more. 

By "ethylene glycol readanf is meant ethylene glycol, and its 
trimere and tetiamere. In addition, 'polyethylene glycol- is used to refer to 
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polymers having a Mn of 250 or more. Diethylene glycol will cyclize to 
dloxane during add catalyzed poiycondensatlon and. therefore, its 
presence should preferably t>e kept to a minimum. 

Preferably the 1 .3-propanediol reactant is selected from the group 
5 consisting of 1.3-propanedlol. and oligomers of 1. 3-propanediol having a 
degree of polymerization of 2 to 3, and mixtures thereof. 

Preferably the ethylene glycol reactant is selected from the group 
consisting of ethylene glycol, and oligomers of ethylene glycol having a 
degree of polymerization of 3 to 4, and mixtures thereof. 
10 In one prefen^ embodiment, the 1 ,3-propanedioI reactant is 1,3- 

propanedid. 

In one preferred embodiment, the ethylene glycol reactant is 

ethylene glycol. 

The preferred starting materials for this Invention are 1 .3- 
15 propanediol and ethylene glycol, and in some instances for simplicity, 
applicants wHI refer to 1 .S^wopanediol and ethylene glycol in describing 
the invention. The 1 .3-prt)panediol can be obtained from a petrochemical 

or renewable source. 

The poly(trimethylene^ylene ether) glycols are preferably 
20 prepared using at least about 1 mole %. preferably at least about 2 mole 
% and more preferably at least about 10 nriole %, and preferably up to 
about 60 mole %, more preferably up to about 40 mole %. and most 
preferably up to about 30 mole %, of ethylene glycol reactant based on the 
totalamountofl.S-propanediolreaclantandethyleneglycolreactant. The 

25 poWtrimelhylene-ethylene ether) glycols are preferably prepared using up 
to about 99 mole %. preferably up to about 98 mole %. and preferably at 
least about 50 mote %. more preferably at least about 60 mote %. and 
most preferably at least about 70 mole %, of 1 .3^>ropanediol reactant 
based on the total amount of 1 ,3-propanedlol reactant and ethylene glycol 

30 reactant 

The process can be batch, semi-continuous, continuous, etc. and 
the ethylene glycol can be added prior to or during the reaction. The 
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poly(trimethy»ene-ethylene ether) glycols of the Invention are preferably 
prepared using the methods described in U.S. Published Patent 
Application Nos. 2002/7043 A1 and 2002/10374 A1 . both of which are 
Incorporated herein by reference in their entireties, with further reaction of 
5 the ethylene glycol wltti the 1 ,3-propanedlol reaclanL 

Thus, in one preferred embodiment, the poly(trimetiiylene-ethylene 
ether) glycol is prepared by a process comprising the steps of. (a) 
providing (1) 1.3-propanediol reactant. (2) ethylene glycol reactant and (3) 
acid polycondensation catalyst; and (b) polycondensing the 
10 1 .3-propanedlol and ethylene glycol reactants to form a poly(trimettiylene- 
ethylene ether) glycol. Preferably, the reaction is conducted at elevated 
temperatures for example about 1 50 to about 21 0'C. and preferably at 
atmospheric pressure or preferably at less than one atmosphere pressure. 
In one preferred embodiment thereof, the process comprises the steps of. 
15 (a) providing 1,3i)ropanediol. ethylehe glycol and add polycondensation 
catalyst; (b) condensing 1.3-propanediol and ethylene glycol reactants to 
form oligomers or prepolymers thereof having an average degree of 
polymerization of 2 to 20. preferably 2 to 9. or a mixture comprising one or 
more thereof; and (c) polycondensing the oligomer or prepolymer or 
20 mixture to form a poly(trimetiiylene^thylene ether) glycol at atmospheric 
inert gas pressure or less flian one atmosphere pressure or at 
atmospheric pressure In an Inert atmosphere, preferably nitrogen. 
Preferably step b) is carried out at about atmospheric pressure, ttie 
pressure in step <4 is less than 300 mm Hg (40 kPa). the temperature in 
25 step b) is about 160 to about 210»C and the temperature in step c) is 

about 1 50 to about 250X. 

The poly(trimettiylene-ettiylene etiier) glycols of the present 
invention can be produced continuously using the procedure of U.S. 
Published Patent Application No. 2002/10374 A1. Thus, in anoUier 
30 preferred process, tiie poly(trimethylene-etiiylene ether) glycol is prepared 
by a continuous process comprising: (a) continuously providing (I) 
1 .3-propanediol and ethylene glycol reactants. and (11) polycondensation 
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catalyst; and (b) continuously polycondensing the reactants to form 
poly(trimethylene^thylene ether) glycol. Preferably the polycondensing Is 
carried out In two or more reaction stages. Preferably the polycondensing 
is carried out at a temperature greater than about 1 5(rC. more preferably 
5 greater than about 180X and preferably less than about 25(rC, more 
preferably less than about 21 0'C. Preferably the polycondensation is 
carried out at a pressure of less than one atmosphere, preferably at least 
about 50 mm Hg. In one preferred continuous process the 
polycondensation is canied out in an up-flow co-cun^ column reactor 
10 and the 1 .3-propanedlol reactant, ethylene glycol reactant and 

poly(trimetiiylene-ethylene ether) glycol flow upward co-currentiy with the 
flow of gases and vapore. preferably where the reactor has 3 to 30 stages, 
more preferably 8 to 15 stages. The 1. 3-propanedlol reactant can be fed 
to the reactor at one or multiple locaBons. In another preferred 
15 embodiment, the polycondensation is carried out in a counter current 
vertical reactor wherein the 1 .Sisropanediol and ethylene glycol reactants 
and poly(trimettiylene-ettiylene etiier) glycol flow In a manner counter- 
current to the flow of gases and vapore. Preferably the reactor has two or 
more stages. Preferably the 1 ,3-propanedlol reactant and ethylene glycol 
20 reactant are fed at tiie top of the reactor, and preferably the ethylene 
glycol reactant is also fed at multiple locations to tiie reactor. In yet 
another preferred embodiment, the polycondensation is firet canied out in 
at least one prepolymerizer reactor and ttien continued in a column 
reactor, the 1, 3-propanedlol readant comprises 90 weight % or more 
25 1 .3-propanediol and ttie etiiylene glycol reactant comprises 90 weight % or 
more ethylene glycol, and in the prepolymerizer reactor tiie 1 .3- 
propanedlol Is polymerized witti ttie catalyst to a degree of polymerization 
of at least 5. Most preferably, in Vne at least one prepolymerizer reactor 
the 1 ,3-propanediol and ethylene glycol are polymerized with tiie catalyst 
30 to a degree of polymerization of at least 10 and the column reactor 
comprises 3 to 30 stages. Preferably, tiie at least one prepolymerizer 
reactor Is a well-mixed tank reactor. 
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In another embodiment, the poly(trimethylene-ethylene ether) glycol 
is prepared by a semi-continuous process comprising the steps of: (a) 
batch polycondensing 1 ,3-propanedlol reactant in the presence of acid 
polycondensation catalyst; and (b) adding ethylene glycol reactant to the 
batch polycondensing over time. 

The polycondensation catalysts preferred for these reactions are 
described in U.S. Published Patent Application Nos. 2002/7043 A1 and 
2002/1 0374 A1 . They include homogeneous catalysts such as Lewis 
Acids, Bronsted Adds, super adds, and mixtures thereof. Examples 
) indude inorganic adds, organic sulfonic adds, heteropolyadds. and metal 
salts thereof. Preferred are suHurio add. fluorosulfbnlc add. phosphorus 
add. p-toluenesulfonic add. benzsnesulfonic add, phosphotungstic add. 
phosphomolybdic add. trifluoromethanesuHbnic add. 1 .1 .2.24etrafluoro- 
ethanesulfonicadd. l,l.1.2.3.34iexafluoropropanesulfonicadd. bismuth 
5 triflate, yttrium triflate. yttertsium triflate. neodymium triflate, lanthanum 
triflate. scandium trHlate and zirconium triflate. Heterogeneous catalysts, 
such as zedites. fluorinated alumina, add-treated silica. ad*4reated 
silica-alumina, heteropolyadds and heteropolyadds supported on zirconia. 
titania. alumina and^or silica, can also be used. Preferred are the 
10 aforementioned homogeneous catalysts, and most preferred Is sulfuric 

add. 

The poly(trimethylene^ylene ether) glycol prepared from the 
above process is optionally purified as described in U.S. Published Patent 
Application NOS. 2002/7043 A1 and2002/10374A1. or by other means. 
25 Sometimes, it is desired to hydrolyze the sulfate ester groups present in 
the polymer to improve functionality of the polymer for use as an 
Intemiediate in the preparation of thennoplastic elastomers. The 
functionality of the polymer refers to tine number of hydroxyl groups per 
molecule. In general, tine functionality of poly(trimethylene-ettiylene ether) 
30 glycol Is dose to 2 because very few polymer molecules may contain 

unsaturation ends. Depending upon ttie appfication. tine water soluble low 
molecular weight fraction is either removed from the polymer or retained. 
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The add present in the polymer is either removed or neutralized with a 
soluble base. NeutralizaUon with a base is accompanied by the formation 
of alkali metaT salt. If Insoluble base Is used to neutralize the add present 
In the polymer, the salts formed can be removed by filtering the polymer. 
5 The conventional additives commonly used In polyether glycols and 

thermoplastic elastomers can be incorporated into the 1 ,3-propanediol 
reactant, the ethylene glycol reactant. the poly(trimethylene-ethylene 
ether) glycols, and ttie thermoplastic elastomers and other products made 
from the poly(trimethylene-ethylene ether) glycols, by known techniques. 
10 Such additives Indude delusterants (e.g., TlOa zinc sulfide or zinc oxide), 
colorants (e.g.. dyes), stabilizers (e.g., antioxidants, ultraviolet light 
stabilizers, heat stabilizers, etc.), fillers, fiame retardants, pigments, 
antimicrobial agente. suitistatic agents, optical brighteners, extenders, 
processing aids, viscosity boosters, and other functional additives. As a 
15 specific example, an antioxidant prevents oxidation of polyethers that are 
subject to oxidaOon during storage. A preferred antioxidant stabilizer is 
butylated hydroxy toluene or BHT, used at a level of about 50 to about 500 
micrograms/g based on the weight of the polymer. The most preferred 
level is atx)ut 100 micrograms/g. 
20 The invention is also directed to poly(trimethylene-ethylene ether) 

glycol block copolymer. In one preferred endDodiment, the block 
copolymer is made using polyethylene glycd and pdytrimethylene glycol. 
The preferred molecular weight of the block copolymer is at least about 
1 ,000, more preferably at least about 2.000, or at least about 4,000. The 
25 molecular weight of the block copolymer is preferably up to about 20,000, 
more preferably up to about 10,000, or up to about 5,000. 

The weight % of polyethylarie glycol used to make the block 
copolymer is at least about 10 %, preferably at least about 20%, or at least 
about 30%, based on the total amount of polyethylene glycol and 
30 polytrimethylene glycol. Theweight%of polyethylene glycol in the btock 
copolymer can be up to about 70%, prePsrably up to about 50%, or up to 
about 40%. 
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Block copolymer can be made in various ways. For example, 
polyethylene glycol and polytrimethylene glycol of varying chain lengths 
can be reacted as described above. Also for example, homopolymer of 
polyethylene glycol can be added to a reactor containing 1.3-propanediol 

5 and the mixture reacted in the presence of the acid catalyst, Ibr example, 
as described above. 

The poly(trimefhylene-ethylene ether) glycols can be used in the 
same manner as polytrimethylene ether glycols, as well as in other 
applications where these pdyether glycols can be tailored to perfbnn. For 

10 example, they are useful, as a base polymer In synthetic lubricants such 
as hydraulic fluids, cutting oils, and motor oils to provide low 
fricHonAracBon. They are also useful as suri'actants, spin^mishes. in 
water-borne coatings, and In maldng themioplastic elastomers. They can 
be used in Injection molding, blow molding, extaislon and compression 

1 5 molding, and reactive extrusion in the manufacture of coatings, laminates 
and adhesives, In the manufacture of packaging and Industrial films, In the 
manufacture of other melt processable products. In the manufacture of 
ftoams and cast elastomers, and in the manufacture of fibers and fabrics. 
Examples of thermoplastic elastomers inckjde poly(trimethylene-ethylene 

20 ether) ester elastomers, poly(trimethylene-©thylene ether) amides, and 
polyurethane or pdyurethane urea elastomers such as described In the 
above-referenced U.S. Patent No. 6,562,457 B1 , U.S. Published Patent 
Application 2003/120026 A1, U.S. Patent No. 6,690,065 B1 and U.S. 
Patent Applksatton 10G1 5.575 (Attorney Docket No. CH-2833). 

25 In another aspect, the invention Is directed to poiyether ester 

comprising poly(trimethylene-ethylene ether) ester soft segment(s) and 
alkylene ester hard segment(8). These are bkx* copolymers, and 
preferably are themnoplastlc elastomers. They preferably contain Ca to 
Ci2 alkylene ester hard segments, preferably C2 - C4 alkylene ester hard 

30 segments. Preferred are dimethylene ester, trimethylene ester and 
tetramethylene ester hard segment, the latter two for example, as 
described in U.S. Patent 6,562,457 B1 and in U.S. Patent Application 
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Publication No. 2003/120026 A1 . both of which are incorporated herein by 
reference. The preferred polyether ester elastomers, as well as their 
preparation and use. is basically the same as described in U.S. Patent 
6.562.457 B1 and U.S. Patent Application Publication No 2003/120026 A1. 
5 The polyether ester elastomer preferably comprises about 90 to 

about 1 0 weight % poly(trimethyIene^thylene ether) ester soft segment 
and about 10 to about 90 weight % alkytene ester hard segment They 
preferably contain at least about 90 to about 60 weight % of 
poly(trimethylene-ethylene ether) ester soft segment and about 10 to 
10 about 40 weight % ali^ylene ester hard segment. More preferably, they 
comprise at least about 70 or about 74 weight %, poly(trlmethylene- 
ethylene ether) ester soft segment, and preferably contain up to about 85. 
more preferably up to about 82 weight %. poMWmethylene-ethylene 
ether) ester soft segment They preferably contain at least about 15 
15 weight %. more preferably at least about 1 8 weight %, and prefer^ly 

contain up to about 30 weight %. more preferably up to about 26 weight %. 
all^ene ester hard segment 

The mole ratio of hard segment to sort segment Is preferably at 
least about 2.0. more preferably at least about 2.6, and is preferably up to 
20 about 4.5. more preferably up to about 4.0. 

The polyether ester can be made by providing and reacting (a) 
poly(trimethylene^ylene ether) glycol and (b) at least one polyester. 
Preferably, the polyester is at least one of polyethylene terephthalate, 
polytrimethyleneterephthalateandpolytetramethyleneterephthalate. The 

25 polyether ester Is preferably prepared by providing and reading (a) 

poly(trimethylene^thylene ether) glycol, (b) diol. preferably 1 .4-butanediol. 

1 ,3i)ropanedioI or 1 .2-ethanediol, and (c) at least one of dicarboxylic add. 

e^er. add chloride or add anhydride. Preferably, the dicarboxyhc add. 

ester! add chloride or add anhydride is an aromaOc dicartjoxylic add or 
30 ester! more preferably selected from the group consisting of dimethyl 

terephthalate. bibenzoate. Isophlhlate. phthalate and naphthalate; 

terephthalic bibenzoic. Isophthafic. phlhallcand naphthalic add; and 
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mixtures thereof. Most preferred are terephthalic add and dimethyl 
terephthalate. The polyether esters can be made using polycondensation 
catalyst, for example. Tyzor® TPT (tetra-isopropoxide titanate). sold by 
E.I. duPont de Nemours and Company. 

5 The Invention is also directed to films, membranes and fibers 

prepared from the polyether ester. Preferred fibers indude 
monocomponent filament, staple fiber, multlcomponent fiber such as 
bicomponent fiber (containing the polyether ester as at least one 
component). The fibers are used to prepare woven, knit and non>TOven 

10 fabria 

The polyether esters of this invention can be used to prepare melt 
spinnable thennoplastic elastomers having excellent strength and stretdv 
recovery properties. The polyether esters of this invention can be used to 
prepare membranes having high breathability. 
15 In another embodiment, the invention Is directed to 

poly(trimethylene-ethylene ether) amide comprising poly(trimethylene- 
ethylene ether) soft segment and a polyamlde hard segment These are. 
preferably, elastomeric poly{trimethylene-ethylene ether) amides, and are 
similar to the polytrimethylene ether amides described In U.S. Patent No. 
20 6.590.065 B1 . which is incorporated herein by reference, and their 
manufacture and use. These are blodc polymers. They contain 
poly(trimethylene-ethylene ether) soft segments and polyamlde hard 
segments. 

The polyamlde segment preferably has an average molar mass of 
25 at least about 300. more preferably at least about 400. Its average molar 
mass is preferably up to about 5.000. more preferably up to about 4.000 
and most preferably up to about 3.000. 

The poMtrimethylene-ethylene ether) ester amide preferably 
comprises 1 up to an average of up to about 60 polyalkylene ether ester 
3D amide repeat units. Pref^ly it averages at least about 5. more 

preferably at least about 6. polyalkylene ether ester amide repeat units. 
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Preferably it averages up to about 30. more preferably up to about 25. 
polyalkylene ether ester amide repeat units. 

The weight percent of polyamide segment, also sometimes refen^d 
to as hard segment, is preferably at least about 10% and most preferably 
5 at least about 1 5% and is preferably up to about 60%. more preferably up 
to about 40%, and most preferably up to about 30%. The weight percent 
of poly(trimethylene-ethylene ether) segment, also sometimes referred to 
as soft segment, is preferably up to about 90%. more preferably up to 
about 85%, and is preferably at least about 40%, more preferably at least 
10 about 60% and most preferably at least about 70%. 

The poly(trimethylene-ethylene ether) ester amide preferably 
comprises polyamide hard segments joined by ester linkages to 
poly(trimethylene^ylene ether) soft segments and is prepared by 
reacting cariaoxyl terminated polyamide or diadd anhydride, diadd chloride 
15 or diester add equivalents thereof and polyether glycol under conditions 
sudi that ester linkages are formed. Preferably it is prepared by reacting 
cartjoxyl tennlnated polyamide and polyettier glycol comprising at least 60 
weight %. more preferably at least 75 weight %. and most preferably about 
85 to 100 weight %. poly(trimethylene-ethylene ether) glycol. 
20 In one preferred embodiment the carisoxyl temiinated polyamide Is 

the polycondensaBon produd of ladam. amino-add or a combination 
thereof with dicariwxyllc add. Preferably, the cartxjxyl tennlnated 
polyamide is the polycondensation produd of C4-Ci4 lactam with C4rCi4 
dlcart50xylic add. More preferably, the carijoxyl terminated polyamide Is 
25 the polycondensation produd of ladam seleded firom the group consisting 
of iauryl ladam, caproladam and undecanoladam. and mixtures thereof, 
with dicartxDcylic add selected from the group consisting of sucdnlc add. 
adipic add. suberic add, azelaic add. sebadc add. undecanedioic add. 
dodecanedioic add. terephthalic add. and isophthalic add. and mixtures 
30 thereof. Alternatively, the carisoxyl temtlnated polyamide is the 

polycondensation produd of amino-add with dIcariDoxylic add. preferably 
C4-C14 amino-add and preferably C4^i4dicart)oxylic add. More 
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preferably, the carboxyl terminated polyamide is the polycondensation 
product of amlno-add selected from the group consisting of 1 1-amlno- 
undecanoic acid and 12-«minododecanoic add, and mixtures thereof, with 
dicarboxylic add selected from the group consisting of sucdnic add. adipic 
5 acid, suberic add. azelalc add, sebadc add. undecanediolc add, 

dodecanedioic add, terephthalic add, and isophthallc add. and mixtures 
thereof. 

In another preferred embodiment, the carboxyl terminated 
polyamide Is the condensation produd of a dicarboxylic add and diamine. 
10 Preferably, the carboxyl terminated polyamide is the condensation product 
of a C4-C14 alkyi dicarboxylic add and C4-14 diamine. More preferably, the 
polyamide is selected from the group consisting of nylon 6-6. 6-9, 6-10. 6- 
12 and 9-6. 

The invention Is also direded to shaped artides comprising the 
15 poly(trimethylene-ethylene ether) amide. Preferred shaped artides Indude 

fibers, fabrics and films. 

Polyurelhanes and polyurethane ureas such as those described in 
U.S. Patent Application No. 10/215,575, filed August 9, 2002 (Attorney 
Docket No. CH-2833). which Is incorporated herein by reference, can be 

20 prepared with the poly(trimethylene-ethylene ether) glycols of the invention 
as soft segments therein. Melt processable, and solution processable 
polyurethanes' and polyurethane ureas can be made from 
poly(trimettiylene^ylene ether) glycol soft segment. These 
polyuretiianes and polyurethane ureas can be used as described therein. 

25 Poly(trimethylene-ethylene ether) based polyurethane ureas can be used 
to make fibers by melt-spinning and other techniques. 

Preferably, the poly(trimethylene-etiiylene eOner) glycol has a 
number average molecular weight (Mn) of at least 250. preferably at least 
about 500, more preferably at least about 1 ,000, even more preferably at 

30 least about 1.500 and most preferably about 2,000. The Mn is preferably 
up to about 10,000, more preferably up to about 5.000, even more 
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preferably up to about 4.000. yet even more preferably up to about 3.000. 
and more preferably up to about 2,500. 

The hydrophiliolipophilic balarwe of the poly(trimethylene-ethylene) 
glycol can be altered by changing the ethylene glycol content in the 
5 polymer. In addition, the polymer lipophilic character can be Increased by 
extracting the water soluble oligomer fraction from the polymer. 

The polyurethane/polyurethane urea preferably comprises at least 
about 90 weight %. more preferably greater than about 50 weight %. or 
greater than about 1 0 weight % soft segment. 
10 polyurethaneprepolymers can be made by reacting 

poly(trimethylene^thylene ether) glycol with a diisoQ^te. For example, 
they can be made by a process comprising: 

(a) providing (i) diisocyanate and (11) poly(trimethylene-ethylene 
ether) glycol having a number average molecular vweight In the 

15 range of about 1 .000 to about 5,000; and 

(b) reacting the diisocyanate and the poly(trimethylene-ethylene 
ether) glycol while maintaining an NCO:OH equivalent ratio of about 
1 . 1 : 1 to about 1 0: 1 to fonn the diisocyanate4erminated pdyether- 
urethane prepolymer. 

20 Polyurethane polymers can be made, for example, by a process 

comprising: 

(a) reacting (i) diisocyanate and (il) poly(trimethylene-ethylene 
ether) glycol having a number average molecular weight in the 
range of about 1 .000 to about 5.000 while maintaining an NCO:OH 

25 equivalent ratio of about 1.1:1 to about 10:1 tofbnn diisocyanate- 

temjinated polyether-urethane prepolymen 

(b) reacHngthedilsocyanate-temiinatedpolyether-urethane 

prepolymer with diol chain extender at an OH:NCO mole ratio of 
about 0.75:1 to about 1.15:1. or with diamine chain extender at 
NH2:NC0 mole ratio of about 0.85:1 to about 1 .10:1 . to form the 
polyurethane or the pdyurethane-urea. 



30 
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Preferably, the polyurethane or pdyurethane-urea Is cured. 
According to another aspect, the polyurethane or polyurethane^jrea 
can be made by a process comprising: 

(a) providing (i) diisocyanate. (II) poly(trimethylene-ethylene 
5 ether) glycol having a number average molecular weight in the 

range of about 1 .000 to about 5,000 and (ill) diol or diamine chain 
extender; and 

(b) reacting the diisocyanate, the poly(trimethylene-ethylene 
ether) glycol, and the diol or diamine chain extender to fomi the 

1 0 polyurethane or the polyurethane-urea. 

According to yet another aspect, the polyurethane or polyurethane- 
urea can be made by a process comprising: 

(a) providing (i) diisocyanale^ermlnated polyether-urethane 
prepolymer and (11) diol or diamine chain extender, and 
15 (b) reacting the dil80cyanat©4ennlnated polyether-urethane 

prepolymer with the diol chain extender at an OH:NCO mole ratio of 
about 0.76:1 to about 1 .15:1 . or with diamine chain extender at 
NH2:NCO mole ratio of about 0.85:1 to about 1 .10:1 . more to form 
the pdyuretttane or the potyurethane-urea. 
20 Preferably, the diol chain extender is selected from the group 

consisting of ethylene glycol. 1.2-propylene glycol. 1 .3-propanediol. 1 .4- 
butanediol. 1.6-hexanedlol. diethylene glycol. 2-methyl-1,3i)ropanedlol. 3- 
methyl-1.6-pentanedlol. 2.2-dimethyl-1.3^)ropanediol. 2,2.44rimethyl-1 .5- 
pentanedid. 2-methyl-2-ethyl-1 .3-propanediol. 1.4- 
25 bls(hydroxyethQxy)benzene. bis(hydroxyethylene)terephthalate. 

hydroquinone bl8(2-hydraxyethyO ether, and combinations thereof. Also 
preferably, the diamine chain extender Is selected from the group 
consisting of 1.2-ethylenediamine, 1.64iexanedlamlne, 1,2- 
propanediamine.4.4'-inethylene4)is(3-chloroaniline). 
30 dimethylthiotoluenedlamine. 4.4'-diamlnodlphenylmethane. 1 ,3- 
diaminobenzene. 1.4-diamlnobenzene, 3.3^-dlmethoxy-4.4'-dlamino 
biphenyl, 3,ff-<llmethyl-4.4'-dlamlnoblphenyl. 4.4'-dlamino biphenyl. 3,3'- 
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dichloro^.4'-diamino blphenyl. and combinations thereof. Also preferably, 
the dilsocyanate is selected from the group 2.44oluene dlisocyanate. 2.6- 
toluene dlisocyanate. 4.4'-diphenylmethane dlisocyanate. 4.4'- 
dicyclohexylmethane dlisocyanate. 3.3'-dlmethyl-4,4'-*)iphenyl 
5 dilsocyanate. 1 ,4-benzene dilsocyanate, trans-cydohexane-l ,4- 
diisocyanate. 1 .6-naphthalene dilsocyanate, 1,64iexamethylene 
dlisocyanate. 4.6-xylyene dlisocyanate. Isophorone dilsocyanate. and 

combinations thereof. 

Preferably, the ratio of total reactive groups contained In the 
10 poMtrimethylene-ethylene) ether glycol and chain extender components to 
the Isocyanate groups Is greater than 1. More preferably, the ratio of total 
reactive groups contained In tiie poly(trlmethyIene-eihylene) ether glycol 
and chain extender components to the Isocyanate groups Is 0.8 to 1 . 

Optionally, the poly(trlmetiiylene^thylene ether) glycol Is blended 
16 witii other polyether glycol(s). Preferably, the poly(trimethylen^thylene 
etiner) glycol Is blended with up to 50 weight % of other polyether glycol. 
Preferably, the other polyetiier glycol Is selected fiom the group consisting 
of polyethylene glycol. poly(1 .2-propylene glycol), polytrimethylene glycol, 
polytetrametiiylene glycol and oorrtbinations thereof. 
20 Preferably, the poly(trimethylene-ethylene ether) glycol comprises 

water soluble and water Insoluble chains. Preferably, the water soluble 
. chains ate less ttian 1 wt % of total polymer. More preferably, the water 
soluble chains are less than 0.5 wt % of total polymer. 

The poly(trimethylene-elhylene ether) glycols of the present 
25 invention have a number of advantages. Poly(trimethylene-ethylene ether) 
glycols have primary reactive hydrroort groups to provide good reactivity 
towards the functional groups such as Isocyanate or carboxyllc add or Its 
ester. Poly(trimettTylene-ethylene ether) glycols containing more than 10 
wt% ethylene oxide are completely amorphous and not crystalllzable and 
30 these are preferred for low temperature properties. The glycols are liquid 
at room temperature and have low viscosities, so they are easier to store, 
transport, and process oomparad to solid polyether glycols. Furthemiore, 
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for some applications requiring polyether glycols having more hydrophilic 
nature, the hydrophilic character of poly(trimethylene-ether) glycol can be 
altered by incorporating the desired levels of ethylene oxide units In the 
polymer. Increased hydrophilicity is expected to enhance the 

5 biodegradability of the polyether glycol as well. 

The poly(trimelhylene-ethylene ether) glycols have very good 
properties for use in themioplastic elastomers. For Instance, their reduced 
crystallinity (as compared to the corresponding polytrimethylene ether 
glycols) provides a more amorphous character in the soft segments In the 

10 thennoplastic elastomers. In addition, they have increased hydrophilidty. 
As a result, thermoplastic elastomers made with them will have better 
breathability. 

This invention allows the practitioner to alter the properties of the 
polyether glycols significantly, giving the practitioner the ability to tailor 

1 5 make polyethers glycols, particulariy the ability to after the degree of 
crystallinity, crystallization kinetics, melting point and hydrophilicity, while 
still retaining the basic characteristics of the polytrimethylene ether glycols. 
Most notably this can be done using an acid-catalyzed polycondensation 
which is efficient and convenient. 

20 The invention is also very economical due to the ability to use the 

acid-catalyzed polycondensation process, and the greater availability and 
lower cost of ethylene glycol compared to 1 ,3-propanedlol. The 
poly(trimethyIene-ethylene ether) glycol of the present invention can be 
made from the use of bio derived monomer such as 1,3-propanediol. 

25 

EXAMPLES 

The following examples are presented for the purpose of Illustrating 
the invention, and are not intended to be limiting. All parts, percentages, 
etc., are by weight unless otherwise indicated. 
30 In all the Examples, a commercial grade of 1 ,3-propanediol having 

a purity of >99.8% was used (available firom DuPont). The ethylene glycol 
was from Aldrich and liad a purity of -98%. 
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The number-average molecular weights (Mn) of polyether glycol 
were determined either by analyzing end-groups using NMR spectroscopic 
methods or by titration of hydroxyl groups. 

PolydispersHy (Mw/Mn) of the polymer was measured by GPC. 
5 Melting point (Tm). crystallization temperature (To) and glass 

transition temperature (Tg) were determined using ttie procedufB of the 
Amen'can Society for Testing Materials ASTM D-3418 (1988) using a 
DuPont DSC Instrument Model 2100 (E. I. du Pont de Nemours and Co., 
Wilmington, DE C'DuPont")), according to the manufacturers instmcHons. 
10 The heating and cooling rates were 10'C per minute. 

ASTM method D445-83 and ASTM method D792-91 were used to 
determine tiie absolute (dynamic) viscosity and density of the polymer, 
respectively. 

15 Examole 1 

Poly(trimettiylene-ethylene ether) glycol was prepared from 1,3- 
propanediol (88 mole %) and ethylene glycol (14 mole %) as fbllows: 

135g (1.78 moles) of 1.3-propanediol and 18g of ethylene glycol 
(0.29 mole, corresponding to 14 mole %) were charged Into a 250-mL 4- 

20 neck flask ttiat was equipped witii a glass shaft, a nitrogen inlet connector, 
and a port for a ttiennal couple. The mixture was purged wifli nitrogen 
(0.1 5 L/ min) for 5 minutes under ambient temperature and pressure. 1 .63 
g of concentrated sulftjric add was slowly added to the mixture at room 
temperature. The reactor was (^erated under atmos|dieric pressure and 

25 nitrogen atmosphere at 170*C for 13 hours. 34 ml of distillate (mostly 
water) was collected at the end of the run. After pdymerlzatioh, 121 g of 
distilled water was charged into tiie caide polymer ttiat was then stirred for 
4 hrs at 1 0O'C under nitrogen atmosphere. Most of the add present was 
extracted after cooling ttie mixture to 35'C to 40"C, and separating the 

30 aqueous layer from the polymer phase. The residual add present in the 
polymer was neutralized with Ca(OH)2 (0.01 g) slurry at 60X for 2 hours 
under nitrogen atmosphere. The copolymer was dried to remove residual 
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water present using a rotovap under 29 in-Hg pressure and 100'C 
temperature. Finally, the dried polymer was filtered hot through a 
precoated 1 nm Whatman filter paper. The polymer properties are reported 
in Table 1. 

5 

Example 2 

Poly(trimethylene-ethylene ether) glycol was prepared from 1 ,3- 
propanediol (95 mole %) and ethylene glycol (5 mole %) as follows: 

Example 1 was repeated by varying the amount of 1,3-propanediol 
10 (149.1 g), ethylene glycol (6.40 g, coresponding to 5 mole %) and 1 .56 g 
of sulfuric add. 

Example 3 

Poly(trimethylene-ethylene ether) glycol was prepared from 1,3- 
15 propanediol (70 mole %) and ethylene glycol (30 mole %) as follows: 

Example 1 was repeated by varying the amount of 1,3-propanediol 
(109.9 g), ethylene glycol (38.4 g, corresponding to 30 mole %) and of 
sulfuric acid (1.48g). 

20 Example 4 

Poly(trimethylene-ethylene ether) glycol vras prepared from 1,3- 
propanediol (70 mole %) and ethylene glycol (30 mole %) as follows: 

Example 3 was scaled up in a 5-L reactor. 2197.2 g (70 mole %) of 
1 ,3-propanediol and 768.2 g (30 mole %) of ethylene glycol were charged 
25 into the reactor. 29.69 g (1 wl % of total raw material) of sulfuric acid was 
added. The polymer properties are reported in Table 1 . 

Example 5 

Example 3 was repeated except the polymerization temperature 
30 was maintained at 160'C for 36 hours. The polymer properties after 
purification are reported in Table 1 . 
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Example 6 

Poly(trimethylene-ethylene ether) glycol was prepared from 1.3- 
propanediol (70 mole %) and ethylene glycol (30 mole %) In a 20 L reactor 
as follows: 

5 8.81 kg of 1 ,3i5ropanediol, 3.081 kg of ethylene glycol and 0.1 09 kg 

of concentrated sulfuric add were charged Into the reactor. The mixture 
was purged with nitrogen gas for 30 minutes and the reaction mixture was 
heated to 160X. The polymerization reaction was continued for 26 hours 
at inert atmospheric pressure while collecting the water of reaction. The 

1 0 polymer properties are reported In TaiAe 1 . 

Example 7 

In this experiment, poly(trimethylene-ethylene ether) glycol was 
prepared in a semi-tjatch process by adding ethylene glycol (30 mole %) 

1 5 dropwise into 1 ,3-propanedlol (70 mole %) as follows: 

1 09.3 g (1 .78 moles) of 1 .3-propanedk)l was charged into a 250-mL 
reactor that has similar setup to the one In Example 1 . The 1 ,3- 
propanediol was purged with nftrogen at 0.1S L / min for 10 minutes at 
ambient temperature and pressure. 1 .49 g of concentrated sulfuric add 

20 was added dropwise to the 1,3i3ropanedlol. The mixture was heated 
under a nitrogen blanket to 170X. Once the 160»C temperature was 
reached, ethylene glycol additfon was started at rale of 1 drop / 9 seconds 
over the course of 2 hours. The polymerization was conducted for 12 
hours at 170X and atmospheric pressure. 34 ml of distillate was collected 

25 at the end of the end of 1 2 hre. Purification steps followed Example 1 . 
The polymer properties are reported in Table 1 . 



30 



romparativa Ex^ pp'^ ^ fControH 
Polytrimethylene ether glycol was prepared by repeating Example 
without using ethylene glycol. 
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Example 8 

Example 3 vras repeated with diethylene glycol by replacing 

ethylene glycol as follows: 

109.9 g of 1.3-propanedlol, 65.7 g of diethylene glycol and 1.77 g of 

5 concentrated sulfuric acid were charged into a 250 mL reactor. The 
polymerization was carried out 170»C under nitrogen. After 6 hours, the 
reaction mixture turned dark brown and the experimental run was stopped. 
During 6 hours of the reaction, 89.2 mL of distillate was collected and the 
distillate contained significant amount of organlcs besides water as 

10 detennined by the rBfradive Index of the distillate indicating formation of 
cyclic dioxane from diethylene glycol. 

Example 9 

Block poly(trimethylene-ethylene ether) glycol was prepared from 
16 1 .3-propanediol (90 mole %) and polyethylene glycol (Mn=400, 10 mole 
%) as follows: 

70.6 g (0.93 moles) of 1 ,3-propanediol and 41 .4 g of polyethylene 
glycol (0.103 mole, corresponding to 10 mole %) were charged into a 250 
mL reactor equipped with a glass shaft, a nitrogen inlet connector, and a 
20 port for a themwl couple. Nitrogen was purged through the mixture at a 
flow rate of 0.15 L / min for 10 minutes under ambient temperature and 
pressure. 1.1360g(1 wt%) of concentrated sulfuric add was added at 
120-C. The polymerization was carried out at 160-C for - 1 h and at 
170»C for 12 h under nitrogen. 20.0 ml of distillate was collected at the 

25 end of the run. 

After polymerization. 92 g of disfilled water was charged into the 
cnjde polymer that was then stirred for 4 hrs at 100»C under a nitrogen 
blanket Most of the add present was extracted after cooling the mfacture 
to 45»C to 50»C and separating the aqueous layer from the polymer 

30 phase. The coide polymer was charged again with 92 g of distilled water 
and stirred for 1 h at 100'C under a nitrogen blanket After cooling the 
mbrture. the two layers were separated. The residual add present In the 
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polymer was neutralized with Ca(OH)2 (0.0834 g) slurry at 60X for 2 
hours under nitrogen atmosphere. The copolymer was dried to remove 
residual water present using a rotovap under 29 in-Hg pressure and 100*( 
temperature for 3 h. Finally, the dried polymer was filtered hot through a 
5 precoated 1 urn Whatman filter paper. The block copolymer molecular 
weight was determined from NMR and found to be 21 10. 

The polymers and their properties are compared in the following 

table. 

10 

Table-1 

Properties of Poly(trimethylene-ethylene ether) glycols 



Example 


Ethylene 
glycol 
mole% 


Mn 
(NMR) 


Mn 
(Titration) 


Mw/Mn 


Tm, 

»c 


To. 

•c 


Tg. 

»c 


Viscosity at 
40»C.cP 


1 


14 


1.889 


1,847 


1.64 


None 


None 


-75 


530 


2 


5 


2.262 




1.59 


1.5. 
6.9 


- 17 


-75 


790 


3 


30 


1517 


1521 


1.63 


None 


None 


-75 


280 


4 


30 


1245 




1.60 


None 


None 


-75 




5 


30 


2223 






None 


None 


-75 




6 


30 


1385 




1.56 


None 


None 


-75 


277 


7 


30 


1810 


1823 


1.64 


None 


None 


-75 


420 


A 

(Control) 




1,858 


1.910 


1.61 


20 


-37 


-75 


530 



As shown In the Table, the Tg and polydispersity of the 
15 poly(trimethylene-ethylene ether) glycols are In the same range of the 
polytrimethylene ether glycol and the viscosity of the copdyether having 
molecular weight 1 847 is about the same with the homopdiymen however, 
the melting point and crystallization temperatures of the poly(trimethylene- 



wo 2004/014984 



26 



PCTAJS2003/024390 



ethylene ether) glycols differed significantly from the polytrimethylene 
ether glycol. 

The foregoing disclosure of embodiments of the present invention 
has been presented for purposes of illustration and description. « is not 
5 intended to be exhaustive or to limit the invention to the precise forms 
disclosed. Many variations and modifications of the embodimente 
described herein vinll be obvious to one of ordinary skill in the art in light of 
the disdosurs. 
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CLAIMS 

WHAT IS CLAIMED IS: 

1 . A poly(trimethylene-ethylene ether) glycol. 



10 



30 



2. The po!y(trimethylene-ethylene ettier) glycol as claimed In 
claim 1. prepared by the polycondensation of 1.3-propanediol reactant 
and ethylene glycol reactant using an add polycondensation catalyst 



3. The poly(trimethylene-ethylene ether) glycol of dalm 2, 
wherein the 1,3-propanedloI reactant is selected finom the group 
consisting of 1,3-propanediol, and oligomers of 1.3-propanedlol having 
a degree of polymerization of 2 to 3. and mixtures thereof, and >«herein 

15 the ethylene glycol reactant is selected from the group consisting of 
ethylene glycol, and oligomers of ethylene glycol having a degree of 
polymerization of 3 to 4. and mixtures thereof. 

4. The poly(trimethylene-ethylene ether) glycol of daim 1 , 
20 having a number average molecular weight (Mn) of 250 to about 

10,000. 

5. A process comprising: 

(a) providing (1 ) 1 .SHsropanedioI reactant, (2) ethylene 
25 glycol reactant and (3) and add polycondensation catalyst; 

and 

(b) polycondensing the 1 ,3i3ropanediol and ethylene 
glycol reactants in the presence of the add polycondensation 
catalyst to form poly{trimelhylene-elhylene ether) glycol. 



6. The composition of daim 1 . which is a block copolymer of 
polyethylene oxide and polytrimethylene oxide. 
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7. The composition of claim 1 , used in at least on© of 
breathable membranes, synthetic lubricants, hydraulic fluids, cutting 
oils, motor oils, surfactants, spin-4inishes. water-borne coatings, 
laminates, adhesives, packaging, films and foams, fibers and fabrics. 

5 

8. A polyether ester comprising an ester finom the 
poly(trimethylen©-ethylene ether) glycol of daim 1 as soft segment and 
alkytene ester hard segment. 

10 9. The d^m 8, wherein the polyether ester is a themioplasfic 

elastomer In whidi the hard segment comprises C2 to C12 alkylene. 

1 0. The ester of daim 8 or 9, wherein ttie mole ratkJ of hard 
segment to soft segment is about 2.0 to about 4.5. 

15 

11. The ester of daim 9, prepared by providing and reacting: 

(a) poly(trimethylene^thylene ether) glycol, 

(b) diol, and 

(c) at least one of dicarbo)^lic add. ester, add chloride 
20 and add anhydride. 

1 2. Fiber prepared from the polyether ester of daim 8, 9, 1 0 or 

11. 

25 1 3. Fabric made from the fiber of daim 1 2. 

1 4. Rims or membranes prepared from polyether ester of claim 
8, 9, 10 or 11. 



30 



15. A poly(trimethyiene^thylene ether) amide comprising a soft 
segment from the poly(trim©thylene^ylene ether) glycol of daim 1 
and a polyamlde hard segment. 
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1 6. The poly(trim©thylene-eth^ene ether) amide of daim 1 5, 
wherein the poiy(trimethyiene-ethylene ether) amide comprises 
polyamide hard segments joined by ester linkages to poly(trimethyiene- 
ethylene ether) soft segments. 

17. The poly(trimethylene-ethylene ether) amide of daim 1 5, 
comprising 1 up to about 60 polyall<ylene ether ester amide repeat 
units. 



10 18. A shaped artide prepared from the poly(trimethylene- 

ethylene ether) amide of daim 15. 16 or 17. 



1 9. The shaped atide of daim 1 8, selected finom fibers, fabrics 
and films. 

15 

20. Poiyursthane or polyurethane-urea comprised of the 
poly(trimethyiene^ylene ether) giycd of daim 1 as a soft segment. 



21 . The pdyurethane or polyurefliane-urea of daim 20, prepared 
20 from: 

(a) poly(trimethylene-ethyiene ether) glycol 

(b) diisoc^anate; and 

(c) dioi or diamine chain extender. 



25 22. The pdyurethane or pdyurethane-urea of daim 20, wherein 

the poiy(trimethylene-ethylene ether) glycd is blended with other 
polyetherglycoi(s). 

23. The polymer of daim 20, made from a diisoc^aiate- 
30 terminated pdyether-urethane prepolymer prepared from: 

(a) poly(trimethylene-ethylene ether) glycol and 

(b) diisocyanate. 
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24. A shaped artide comprising the polyurethane or 
polyurethane-urea of claim 20. 
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